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ABSTRACT 

PURPOSE: To obtain satisfactory responding speed and angle of visibility, 
to realize a thin structure and a high luminance by constituting an organic 
EL system as an EL light emitting layer. 

CONSTITUTION: The EL display device is equipped with a substrate 1 on which 
a switching element 2 is installed to be shaped like a matrix, EL element 
groups subjected to laminate patterning on the substrate 1 , an outside 
circuit which drives the EL element groups through the switching element 2. 
Then, an EL light emitting part is an electrostatic charge injecting type 
constitution in which an electrostatic charge transporting layer 7 is 
laminated on an EL light emitting layer 8 using an organic fluorescent 
pigments being materials having the high luminance. Thus, an EL display 
device which has the high luminance, a high speed responsibility, and the 
wide angle of visibility can be obtained. 
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Japanese Patent Application Laid-Open Number Hei 4-125683 
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Int. Class. No.: G 09 F 9/30, C 09 K 11/06, G 09 F 9/30, H 05 B 33/14 
Inventor: Masanori Sakamoto, Yasushi Kawata and Yasushi Mori 
Applicant: TOSHIBA CORPORATION 

Specification 

1. Title of the invention: EL display device 

2. What is claimed: 

An EL display device comprising: 

a substrate on which switching elements formed in matrix shape are provided 
(active matrix); 

a group of EL elements piled up and patterned on said substrate; and 
an external circuit driving selectively a group of EL elements through said 
switching elements; 

wherein said EL element is constituted by using an organic EL system as an EL 
light emitting layer. 

3. Detailed description of the invention 
[Purpose of the invention] 

(Field of the invention) 

The present invention relates to a thin type display device, especially to an EL 
display device. 
(Prior Art) 

As a thin type display device, the so-called TFT LCD which is constituted by 
interposing a TN type liquid crystal with a thin film transistor array and a color filter is 
known. However, said TFT LCD has the following inconvenience in a response speed 
and a visual field angle. 

The response speed shows a nematic liquid crystal condition at room temperature, 
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and a liquid crystal molecular size is almost decided by the condition keeping the 
nematic liquid crystal condition to the temperature not less than about 70 13. Besides, 
because the molecular species showing a liquid crystal condition primarily has a strong 
intermolecular mutual action, it is limited to reduce the viscosity as a matter of course. 
Therefore, it is thought that the response speed of TFT LCD is limited to about 30 m sec. 

On the other hand, because the so-called mouse is used in a computer terminal 
display, higher speed responsibility is required. Besides, in case of displaying an image 
of animation with high resolution, when the response speed is slow, the space resolving 
power of the image is damaged even though a pixel pitch is small. Therefore, it is 
necessary to speed up the responsibility further for an information terminal and a 
display with high resolution. 

The visual field angle is a principle defect of this kind of element using 
birefringence. However, as a screen size is enlarged, the difference which cannot be 
ignored in the visual field angle is caused in the central and the peripheral portions of 
the screen, as a result, a contrast and a color tone of the image in the central portion of 
the screen differs from that in the peripheral portion. In the TN type liquid crystal, the 
visual field angle having no trouble in practical used is ± 30 0 respective in front and 
behind, and right and left. Therefore, in distance of vision through of 30 cm, the screen 
which is not less than 14cm at the opposite angle is not put within the visual field angle. 
That is to say, it is necessary to enlarge the visual field angle for making a large screen. 
[Problems to be solved by the invention] 

As mentioned above, in case of the conventional TFT LCD type thin display, there 
are defective problems that a narrow visual field angle and a slow response speed. For 
these problems, the following measures are tried. 

First, it is necessary to be a self fight-emitting type display in order to enlarge the 
visual field angle, and as this self-fight-emitting type display element, there are (D 
plasma display element, ® fluorescent display tube, (3) EL (electroluminescence) 
display, etc. 

Consequently, in case of the plasma display element, because the response speed is 
high and coloring is possible, a lot of elements are formed on a substrate with a method 
of thick film print by micro-miniaturizing elements so that the form of a thin type display 
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element has been already arranged. However, there is a limitation in the improvement 
of luminance and the high resolution, etc. as a matter of course from the angle of a 
material and a structure of an element, so that the satisfactory display element in 
practical use has not been obtained yet. 

Besides, in case of the fluorescent display tube, it is enough for luminance, but 
there is a limitation in making thin, coloring, and high resolution from the angle of the 
structure of an element. 

The present invention, is accomplished in consideration of above problems, and has 
the purpose to offer an EL display device wherein a thin structure can be performed, 
high luminance and coloring are achieved, and an image with high resolution can be 
displayed, as well as an excellent response speed and a visual field angle are shown. 
[Constitution of the invention] 
(Means for resolving problems) 

An EL display device of the present invention is characterized as comprising: 

a substrate on which switching elements formed in matrix shape are provided 
(active matrix); 

a group of EL elements piled up and patterned on said substrate; and 
an external circuit driving selectively a group of EL elements through said 
switching elements; 

wherein said EL element is constituted by using an organic EL system as an EL 
light-emitting layer. 
(Action) 

In the EL display device of the present invention, the requested display is 
performed by driving and controlling the corresponding group of the EL elements time 
divisionally and emitting each EL element selectively, through each switching element 
which is formed and provided in matrix shape. Consequently, because said EL light 
emitting layer is constituted by the organic EL material system with high luminance, 
the light emission with high luminance, the high-speed responsibility and the wide 
visual field angle are presented in spite of comparatively low applying voltage. That is 
to say, the functions of the excellent contrast, the thin and large sized screen which are 
expected as the EL display device are shown frilly. 
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(Embodiment) 

The Mowing is an explanation of an embodiment wherein the present invention is 
applied referring to attached Figures. 

As stated above, an EL display device of the present invention comprises a 
substrate on which switching elements formed in matrix shape are provided (active 
matrix), a group of EL elements piled up and patterned on said substrate, and an 
external circuit driving selectively the group of EL elements tough said switching 
element. Consequently, respective said active matrix, the group of EL elements, a 
counter electrode and the driving external circuit constituting one portion of this group of 
EL elements are constituted fundamentally as foUows. 

Active matrix constitution 

As switching elements constituting an active matrix, either TFT (thin film 
transistor) or a nonlinear two terminal element can be used, which are required the 
ability of implanting the current of about 10* A into EL elements. Besides, because the 
EL element is a current driving type element, in case of using a transistor, the size can 
be minimized by using a material with high mobility. From this meaning, for example, 
as a constitution of an important portion is shown sectionally in Figure 1 (a), TFT as the 
switching element is constituted by poly-crystalline silicon preferably. In Figure 1 (a), 1 
is a glass substrate, 2 is a polycrystalline silicon TFT with a source region 2a and a 
dram region 2b, 3 is a gate electrode, 4 is, for example, an insulating layer such as Si0 2 , 
5 is a signal electrode basic line connected to the source region 2a of said polycrystalline 
silicon TFT 2, 6 is a pixel electrode made of, for example, ITO, which is connected to the 
drain region 2b of said poly-crystalline silicon TFT 2, 7 is a charge transferring layer, 8 is 
an EL light emitting layer, and 9 is a back electrode layer or a counter electrode layer 
made of, for example, Ag, Mg, ete. Besides, Figure 1 (b) is a plan view of an example of 
the constitution shown in said Figure 1 (a). 

Furthermore, because the transistor size can be enlarged by making said active 
matrix three dimensional and integrated, TFT can be formed as a switching element 2 
using amorphous silicon which is easier to form, as a constitution of an important portion 
is shown sectionally in Figure 2. In Figure 2, the same portions as Figure 1 (a) are 
shown with the same marks. 



Besides, the constitution that the glass substrate 1 is a supporting substrate is 
shown above. As a constitution of an important portion is shown sectionally in Figure 3, 
an active matrix wherein a group of TFT regions as the switching element 2 are formed 
on the semiconductor crystal such as silicon wafer 1' can be use. 

Moreover, for constituting the switching element 2, for example, CdTfe, CdS, and 
InSb can be used as far as possible in forming a thin film uniformly in large area. 

On the other hand, the nonlinear type two terminals element as the switching 
element 2 constituting said active matrix, for example, as respective structures of an 
important portions are shown sectionally in Figure 4 (A), and obliquely in Figure 4 fib), 
the Ta/I& 2 CVCr type MIH structure can be adopted. In Figures 4 (a) and (b), 1 is a 
glass substrate, 10a is a thermal oxide Ta2 Os layer formed on said glass substrate 1, 10b 
is a Ta layer, 10c is an anode oxide Ta2 0 5 layer, 4 is an insulating layer such as a 
polyirnide resin layer etc., 6 is a pixel electrode made of, for example, ITO, which is 
connected to a drain region 2b of said poly-crystalline silicon TFT 2, 7 is a charge 
transferring layer, 8 is an EL light emitting layer, and 9 is a back electrode layer or a 
counter electrode layer made of such as Ag, Mg, etc. 

Besides, in said each constitution example, the pixel electrode 6 can be a 
non-translucent metal electrode, as well as a translucent ITO electrode. 

EL element constitution 

An active matrix of an EL display device of the present invention has a constitution 
that a lot of EL display elements which are formed and provided on a substrate drive 
time divisionally Consequently, an EL light emitting portion is generally patterned to 
the size not more than 1mm square. Namely, the EL light emitting portion has a 
charge implanting type structure wherein a charge transferring layer 7 is laminated on a 
EL light emitting layer 8 with an organic fluorescent pigment of a material with high 
luminance. Generally, the relation of the implanted current of the organic EL element 
11 and the light emitting luminance is shown in Figure 5. 

Besides, when the size of said light emitting pixel (EL element) 11 is 0.3 mm x 0.3 
mm, it is necessary to apply the current of 10* 5 A in order to obtain the luminance of 1000 
Cd/m 2 . Also, said patterning can be performed by, for example, a mask deposition of the 
organic fluorescent pigment, or patterning a thick deposition film of the organic 

5 



fluorescent pigment with a lift-off method by photoresist. Furthermore, it is possible to 
use a method that the organic fluorescent pigment solution dissolved in a suitable binder 
resin each other is pattern-printed on a substrate by the offset printing, the screen 
printing, etc. 

Counter electrode (back electrode) 

In case of viewing through a glass substrate 1 the light emission of an EL light 
emitting layer 8 provided in matrix shape further on the active matrix formed on a glass 
substrate 1, a counter electrode (back electrode) 9 can be a non-translucent one. In case 
of reducing the reflectance, a carbon electrode wherein a thin gold (Au) layer lies between, 
or a film wherein carbon paste in which metal particle such as gold, platinum, nickel, etc. 
is dispersed is applied are used. Besides, in order to improve the light emission utilizing 
efficiency by improving the reflectance, a deposition film such as gold, platinum, nickel, 
etc., a sputtering film, or a film wherein these metal paste are applied are used. 

On the other hand, in case of viewing directly without the glass substrate 1 the 
fight from the EL fight emitting layer 8, as the translucent counter electrode 9, an 
electrode of a thin film is formed at low temperature such as ITO, gold, nickel, platinum, 
etc., or an electrode of transparent organic conductive polymer such as 
polyisocyanaphthene are used. 

Constitution of a driving external circuit 

As a driving method, the line sequential driving in the same way as TFT LCD TV 
can be adopted. In this case, because a driving pulse width of a scanning fine is narrow, 
preferably, the continuous light emitting sense is given by using the persistence of vision 
on the retina in the same way as a CRT type TV of the dot sequential driving, and also in 
case that the fight emitting intensity is strong, the dot sequential driving in the same 
way as TV is possible. In case that flickers is seen in the screen because of shortage of 
light emitting intensity, the means for supplementing the light emitting intensity or 
protracting the light emitting time can be used together. 

That is to say, as a constitution of an important portion is shown sectionally in 
Figure 6, the EL light emission is increased, for example, by providing a channel plate 12 
for increasing light on a glass substrate 1 of the EL panel shown in Figure 1. As a 
constitution of an important portion is shown sectionally in Figure 7, the coloring is 
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possible by making light emitting color on the fluorescent face of the channel plate 12 
white, aligning pixels of the channel plate 12 and the EL panel, in other words, a group 
of EL elements 11, and superimposing a color filter 13. 

Besides, as other means for continuous light emission, for example, in the 
constitution shown in Figure 1, the constitution that the light emission is continued for 
constant time after a selective pulse passes through by doping the protracting light 
emission material such as 1.4-d:bromonaphthalene into the EL light emitting layer 8 can 
be adopted. In this case, the selection of the protracting light emitting material depends 
on the EL material constituting the EL light emitting layer 8, but the protracting light 
emission wavelength is not necessarily the same as the EL light emission wavelength at 
applying the selective pulse. The visual appreciation wavelength is decided by mixing 
the EL light emission and the protracting light emission on the retina. Therefore, the 
visual appreciation wavelength can be selected to the decided color by setting the 
wavelength of the EL light emission and the protracting light emission. 

Moreover, other means for continuous light emission, as a constitution of an 
important portion is shown sectionally in Figure 8, is superimposing the protracting light 
emission panel (photo pulse stretcher) on the EL panel In this case, when the pulse 
shape light emission from the EL panel irradiates on a photo pulse stretcher 14, the 
protracting light emission material constituting the photo pulse stretcher 14 is excited to 
metastability. Consequently said metastability is transferred with light emittion to the 
ground state by thermal exicitation, and also delay is caused in a thermal exciting 
process so that delay light emission is generated. In this way, the coloring is possible by 
aligning and superimposing the protracting light emitting panel 14 constituted by 
patterning not less than two kinds of light emitter layers into mosaic on pixels (the group 
of EL elements 11) of the ELpanel. 

Moreover, in case by the line sequential driving method, a gate driver IC itself can 
be used because TFT LCD can be used. Besides, the driving voltage is about 10V by 
using the organic EL material, and as a signal power supply, a signal line driver itself 
used in TFT LCD, or by adding a current booster, can be used. 

The EL display device of the present invention constituted as mentioned above 
presents a wide visual field angle, and in order to improve the visual field angle further, 
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it is able to change the EL light emitting fece into the diffusing face, or into the 
directional transmissive condensing face. For example, the EL light emission is 
diffused by making the surface of the glass substrate 1 of the EL panel rough, so that the 
visual field angle is extended. Or as a constitution of an important portion is shown 
sectionally in Figure 9, it is possible to limit or extend the visual field angle by 
condensing and diffusing the light uniformly to the decided visual field direction by 
providing a lenticular lens 15 on the glass substrate 1 of the EL panel by etehing or 
forming with applying the resin. 
[Effect] 

As above mentioned, according to the present invention, it is able to offer the EL 
display device with high lummance, high resolving power, high-speed responsibility, and 
wide visual field angle without a complicated constitution and manufacturing means. 
That is to say, the EL display device can be realized wherein the coloring is possible as 
well as display functions (high luminance, high resolving power and high-speed 
responsibility, etc.) making the best use of the characteristics of being thin and large, and 
required in practical use are equipped. 
4. A brief explanation of Figures 

Figure 1 (a) is a cross sectional view showing a constitution of an important portion 
of an EL display device of the present invention. Figure 1 (b) is a plan view showing a 
constitution of an important portion of an EL display device shown in Figure 1 (a). 
Figures 2, 3, and 4 (a) are cross sectional views showing other different constitutions of 
an important portion of an EL display device of the present invention. Figure 4 (b) is an 
oblique view showing a constitution of an important portion of an EL display device 
shown in Figure 4 (a). Figure 5 is a curve showing the relation of an unplanted current 
and a light emitting luminance for an organic EL layer constituting an EL light emitting 
layer of an EL display device of the present invention. Figures 6, 7, 8 and 9 are cross 
sectional views showing furthermore other different constitutions of an important 
portion of an EL display device of the present invention. 

1 glass substrate 
1' Si wafer 

2 poly-crystalline Si TFT 
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